Foliar diagnosis is now extensively used as a research tool to evaluate the nutritional status of plants. Its definition and name, "diagnostic foliaire," was first used in France by Lagatu and Maume (8) in their pioneer work, although many other workers had already analyzed plant materials to determine the nutritional requirements of cultivated plants.
In Sweden, Lundegardh (9) established some fundamental concepts regarding the techniques of plant analysis in his extensive researches on oats and in the United States the important work of Thomas (19) attracted attention to foliar diagnosis. A comprehensive historical review of the subject has been given by Goodall and Gregory (7) and more recently by Ulrich (10) .
Since the French literature on this subject is not readily available in English-speaking countries it may be well to mention recent work done in France. Maume et al. worked on grape vines (11, 12, 13) and on corn (14) ; Bouat, Renaud, and Dulac worked on olive trees (1); Franc de Ferriere worked on grape vines (5), corn, and potatoes (6 The leaf sampling techniques for the peanut are those described by Prevot and Ollagnier (17) and for the oil palm by Chapman and Gray (4) . The first leaf of the main stem of the peanut is taken off at the beginning of flowering, while for the oil palm the first completely expanded but not senescent leaf is chosen. Ten median leaflets of the oil palm leaf, from which are removed the midrib, both ends, and marginal areas, leaving only the middle part of each leaflet, are used for analysis. A medium-sized sample contains the leaves of fifty peanut plants or of twenty-five oil palm trees.
an appreciable factor in thousands of analyses, although this would have been a good method otherwise. A milliequivalent basis, while useful in the comparison of K, Ca, and Mg, is hardly of value when polyvalent ions come into consideration.
Our present conclusions (1952) are based on the results of nine experiments on the peanut and six on the oil palm. For the peanut the experimental designs were of the complex factorial type 33 (the three elements N, P, K at three levels 0, 1, 2) or 23 (the three Fia. 1 The results of the chemical analysis are expressed as elements (N, P, K, Ca, and Mg) on a percentage-dryweight basis, rather than as oxides as usually done in agronomical papers. Nor did we express the results in milligram atoms as done by Lundegardh (9) and Prevot (15) (2) failed to find such a relation; however, both his leaf sampling and experimental design were quite different from ours.
Critical levels: We give to the critical level a practical goal and define it as the concentration of the element in the leaf (dry weight basis) above which a yield response from the olement in the fertilizer is unlikely to occur.
This concept is of a major importance for practical use, as rightly pointed out by Ulrich (20), because it allows advising manures which will give the most economic returns.
Critical levels are indicated by NC for NL, PC for PL, and KC for KL. To determine them we use either a direct or an indirect method. without the favorable treatment. Also, for comparison, we have included some data of Chapman and Gray (4), recalculated on a basis of percentage of dry weight. DISCUSSION: It should be pointed out that all favorable treatments of both the peanut and the oil palm increased the leaf content of the same element, except at Inoni and Louga. The Inoni experiment gave no significant results, and the Louga exception, discussed in another paper (18) , is related to the very low level of N in the soils which had not been corrected by fertilizer application (50 kg of ammonium sulfate per hectare). This would be a case of being in the " minimum percentage " range, according to Macy (10) .
So, the treatment that increases yield also corrects deficiency of the element in the leaf. Once more the validity of foliar diagnosis for finding mineral de- Of course, these " optimal " ratios are still quite rough and rather indicate a range of ratios toward which favorable treatments will converge. Nevertheless, they may be useful in analyzing deficiencies. When a ratio found in a leaf sample differs greatly from these va-lues, the divergence may 'be attributed to the numerator and/or the denominator, and the deficiency may thus become evident. For instance, in Thies, PL/KL = 0.582 is about three times the " optimal " ratio. The figures show clearly that this is due to both a high PL and a low KL, SO the suggestion to apply KT is made. The same reasoning applies to Sefa 1951, where PL/KL= 0.083 (a value much too low) would point to an application of PT. Experimental results confirm these predictions.
So, these values are a means of checking the conclusions drawn from the critical-level values. They are especially useful in regions where no experimental fertilization data are available.
Correlations between elements: The ten possible correlations between N, P, K, Ca, and Mg have been calculated. The most interesting ones can be seen in table VIII.
We have seen that the NL/PL ratio is surprisingly constant in the oil palm, which is explained by the strong, positive correlation found in all cases. Correlations are also positive in the peanut, although not so highly significant. On the other hand, KL, CaL, and MgL are linked together. The correlation between KL and CaL or KL and MgL are negative while the correlations between CaL and MgL are positive. Thus, the analyzed elements could be, broadly speaking, subdivided into two large classes: N and P could be termed the " protoplasmic class," while the other elements could be termed the " basic elements class."
It should be pointed out that the sum KL + CaL + MgL (table IV) for the peanut increases approximately as the yields (see fig. 3 ), and may be used to estimate the general soil exhaustion in available bases. (1, 13) .
Preliminary evidence has also been gathering that an alternate pathway of glucose-6-phosphate metabolism characterized in yeast (6, 9, 10) , animal tissue (11, 15, 16) and microorganisms (8, 12) , and termed the " hexosemonophosphate shunt " may also be operating in leaves (3, 13) , roots (13) and other tissues (5, 7) in higher plants.
The present investigation was undertaken to establish whether the enzymes of the "hexosemonophosphate shunt" are present in pea leaves and, if so, (1) whether the pathway is the same as in tissue of other organisms and (2) whether it is connected with the glycolytic pathway.
MATERIALS AND METHODS
Fructose-1,6-diphosphate (FDP), fructose-6-phosphate (F-6-P), and adenosine triphosphate (ATP) were purchased from the Schwarz Laboratories. Glucose-6-phosphate (G-6-P) and 6- by the method of LePage and Mueller (17) and found to contain 31% Co II and to be free of Co I. TPN (80%) purchased from the Sigma Chemical Co. was also used. The barium salts of the phosphate esters were converted into potassium salts by dissolving in 1 N HCl, adding a slight excess of 10% K2SO4 and removing the resulting BaSO4 by centrifugation. The supernatant solution was neutralized with 1 N KOH and diluted to make the final substrate concentration either 0.1 M or 0.05 M.
PREPARATION OF PEA LEAF EXTRACT: Pisum sativum variety Alaska (Rogers Brothers Seed Co., Idaho Falls, Idaho) was used throughout this investigation. The seeds were soaked overnight in tap water, then transplanted to tanks containing gravel in the greenhouse. Nutrient solution (14) .was poured over the gravel once during the period of growth.
It is in order to note that cell-free preparations of leaves obtained from plants grown in the winter (November through March) were unsatisfactory for manometry, although solar radiation was supplemented with artificial light, total radiation being 300-800 fc.
Leaves of 11-15 day plants were used. A typical batch of plants had 4-5 sets of leaves, weighed about 2 gm, and disregarding the cotyledons, the weight was approximately evenly divided among the leaves, stems and roots. In general, about 70 gm of leaves, separated from the stems, were ground with an equal weight of acid-washed, cold, sharp sand and 20 ml of ice-cold 0.5 M KHCO3 in a cold mortar. This operation and subsequent ones in the preparation of the cell-free extracts were carried out at 0-40C. The extract was strained through 4 thicknesses of cheesecloth and centrifuged at 18,000 x g for 20 minutes. On occasion the supernatant material was passed through glass wool to remove fat particles. The solution had a dark green color, its volume was 50-75 ml and its pH varied from 6.8 to 7.5. The pH was brought to 7.2 with either ice-cold 1 N KOH or 2 N acetic acid. This preparation was used immediately or placed in the deep freeze until the next day. The frozen material when thawed the next morning formed a heavy precipitate which was removed 'by centrifugation at 18 ,000 x g for 20 minutes. The removal of this precipitate did not affect the activity of the extract. In some of the experiments, the extract was dialyzed 6 
